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Relation between blood pressure after an acute coronary
event and subsequent cardiovascular risk
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Evidence is accumulating that after an acute coronary
event, assiduous control of both systolic and diastolic
pressure is indicated
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Concepts about the relation between blood
pressure and outcomes have evolved over
the last 20 years from a sole emphasis on

diastolic blood pressure to include both systolic
blood pressure1 and pulse pressure.2 3 Recently the
Framingham heart study has provided further
longitudinal data on the natural evolution of
blood pressure over a person’s lifetime.4 The
systolic pressure rises linearly between the ages of
30 and 84 years. There is initially a concurrent
increase in the diastolic pressure, but between the
ages of 50 and 60 years the diastolic pressure
begins to decline and the pulse pressure widens
steeply.4 It has also been shown that in young
subjects the brachial systolic pressure is higher
than the central aortic systolic pressure, whereas
in older subjects (> 60 years) this difference
disappears.5 The explanation for these findings is
that there is an age related increase in stiffness
accompanied by decreases in the elasticity and
compliance of the central conduit arteries, lead-
ing to an increased arterial pulse wave velocity
and an earlier return of the reflected pressure
wave to the aorta.5

SYSTOLIC PRESSURE AND PULSE
PRESSURE ARE THE MAIN RISK FACTORS
In 2036 subjects aged 50–79 years in the
Framingham heart study, only systolic pressure
(and not diastolic pressure) was independently
associated with the development of coronary
heart disease over the subsequent 20 years.6 In
patients with systolic pressures of > 120 mm Hg
the coronary heart disease risk actually increased
as diastolic pressures decreased, suggesting that a
wider pulse pressure was an important compo-
nent of coronary risk.6 A recent report from the
Framingham investigators added to this cohort
another 4506 subjects from the Framingham off-
spring study, so that the baseline ages of the com-
bined cohort ranged from 20 to 79 years.2 Over 17
years, 12% of subjects developed coronary heart
disease. In subjects whose baseline age was < 50
years, diastolic pressure was the strongest predic-
tor of the subsequent development of fatal or
non-fatal coronary disease, including myocardial
infarction and angina pectoris. Between the ages
of 50 and 59 years there was a transition period
when all three blood pressure measures (systolic
pressure, diastolic pressure, and pulse pressure)

were comparable predictors of coronary risk.
From the age of 60 years, diastolic pressure was
inversely related to coronary risk so that the pulse
pressure became superior to systolic pressure as a
predictor.2

In the 1990s a series of placebo controlled trials
clearly established the benefits of antihyperten-
sive treatment in patients aged > 60 years with
isolated systolic hypertension (> 160 mm Hg). A
recent meta-analysis evaluated the relation be-
tween vascular risk and systolic pressure.1 Over
3.8 years the relative hazard ratios (after adjust-
ment for age, sex, diastolic pressure, and
regression dilution bias) associated with a
10 mm Hg higher initial systolic pressure were
1.26 for total mortality (p = 0.0001) and 1.22 for
stroke (p = 0.02), but only 1.07 for coronary
events (p = 0.37). The non-significant increase in
coronary events with increases in systolic pres-
sure may be partly explained by the shorter dura-
tion of follow up as compared with the Framing-
ham study.2 6 Antihypertensive treatment was
associated with a greater absolute benefit in
patients with previous cardiovascular complica-
tions, those aged>70 years, and those with wider
pulse pressures.1

The World Health Organization7 and Joint
National Committee8 reports both recommend
that systolic pressure and diastolic pressure
should be reduced below target levels. For
patients without target organ damage or cardio-
vascular disease, the target is 140/90 mm Hg. For
patients with target organ damage (vascular dis-
ease, left ventricular hypertrophy, nephropathy or
retinopathy), diabetes or cardiac disease, the tar-
get is 130/85 mm Hg. The British Hypertension
Society recommends initiation of treatment in
patients with cardiovascular disease if the sus-
tained blood pressure is > 140 mm Hg systolic or
> 90 mm Hg diastolic.9
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BLOOD PRESSURE CONTROL IS OFTEN
SUBOPTIMAL
In a long term French study which included 4714 middle aged
men (52 ±11 years) with hypertension documented between
1972 and 1988, only 14.5% of patients had effective control of
both systolic pressure (< 140 mm Hg) and diastolic pressure
(< 90 mm Hg) measured on one clinic occasion in the supine
position after a 10 minute rest, while 70.5% had uncontrolled
values for both systolic and diastolic pressure. Over a follow up
period of 14 years, systolic pressure (but not diastolic
pressure) was independently related to both cardiovascular
mortality and coronary mortality.10 Admittedly, these observa-
tions may not reflect contemporary practice, and high clinic
blood pressure recordings may not adequately document the
level of control maintained during normal daily activities. The
PAMELA study in the mid 1990s, which monitored blood
pressure with 24 hour ambulatory recordings, reported that
systolic pressure was uncontrolled in about half of the subjects
(average > 125 mm Hg) and diastolic pressure was uncon-
trolled in about one third of the subjects (average
>80 mm Hg) when compared with the normal ranges as
measured by continuous monitoring.11

The EUROASPIRE-II study undertaken in 15 European
countries in 1999–2000 evaluated patients 1.4 years after an
acute coronary event,12 and found that 50% of them had
hypertension (systolic > 140 mm Hg or diastolic
> 90 mm Hg). In this issue of Heart, Amar and colleagues13

extend these observations in the PREVENIR study of 1247
patients admitted to French coronary care units in January
1998. About one third of patients had uncontrolled blood
pressure, particularly systolic pressure (>140 mm Hg), at the
time of hospital discharge after acute myocardial infarction.13

The authors comment that the incidence of poorly controlled
hypertension may be even greater than they observed because
their predischarge blood pressure recordings may have under-
estimated postdischarge blood pressures after patients re-
sumed their normal daily activities. These findings indicate
that hypertension, particularly systolic hypertension, is
common in patients with coronary disease, and is often inad-
equately treated.

DOES SUBOPTIMAL BLOOD PRESSURE CONTROL
TRANSLATE INTO ADVERSE OUTCOMES?
Early and effective control of blood pressure may slow the
progression of conduit vessel stiffness,14 while poor control
may accelerate arterial stiffening and lead to a further rise in
systolic pressure.5 There is limited information about blood
pressure control and outcomes after acute coronary events,
whereas there is strong evidence linking blood pressure to
outcomes before a coronary event.

The SAVE study enrolled 2231 patients who had an
impaired left ventricular ejection fraction following myocar-
dial infarction, and reported that the pulse pressure was a sig-
nificant predictor of mortality and recurrent myocardial
infarction within 42 months after adjustment for age, ejection
fraction, mean arterial pressure, sex and other factors includ-
ing the use of β blockers.15 In the PREVENIR study, isolated
systolic hypertension (> 140 mm Hg) was an independent
predictor of an adverse cardiovascular outcome within six
months.13 It would be interesting to know if the pulse pressure
had a similar predictive value in the PREVENIR study.

The poor outcomes associated with poor blood pressure
control may be exacerbated by inadequate usage of drugs such
as β blockers and angiotensin converting enzyme (ACE)
inhibitors, which way have other cardioprotective effects
besides blood pressure reduction. However, multivariate
analysis with adjustment for the treatments used showed that
wider pulse pressure in the SAVE study and higher systolic
pressure in the PREVENIR study were independent predictors
of adverse outcomes.

There are various mechanisms whereby hypertension may
be associated with poor outcomes after an acute coronary
event. Firstly, it may exacerbate left ventricular dilatation and
remodelling after myocardial infarction. Increased left ven-
tricular volumes can cause adverse effects and impair the long
term prognosis.16 Secondly, hypertension is thought to
accelerate coronary atherosclerosis, and it is possible that a
high systolic pressure and a wide pulse pressure are associated
with more extensive coronary atherosclerosis and hence poor
outcomes. Neither the SAVE study15 nor the PREVENIR
study13 reported coronary angiographic findings. Thirdly, a
wide pulse pressure or a high systolic pressure may promote
plaque rupture or fissuring, the proximate cause of acute cor-
onary syndromes.

ROLE OF BLOOD PRESSURE IN RISK
STRATIFICATION AND MANAGEMENT
Algorithms for risk stratification of patients with acute coron-
ary syndromes have emphasised acute risk assessment, and
have included age, haemodynamic response, evidence of
ischaemia or necrosis, acute myocardial infarction location,
history of acute myocardial infarction, height, and weight. In
the GUSTO risk model the combination of diabetes, smoking,
and history of hypertension accounted for only 2.5% of the
risk of 30 day mortality,17 whereas in the TIMI risk score for
non-ST elevation acute coronary syndromes, a combination of
coronary risk factors including hypertension scores 1 out of a
maximum score of 7.18 A history of hypertension also scores 1
point in the TIMI risk score for ST elevation myocardial
infarction, which has a maximum score of > 8.19 In the LIPID
study, which followed up survivors of acute coronary
syndromes for six years, a history of hypertension was a
significant multivariate risk factor for coronary heart disease,
death or non-fatal myocardial infarction.20

A low ejection fraction16 and the presence of coronary artery
stenosis18 have also been shown to be risk factors for poor out-
comes. Early revascularisation is increasingly being used in
the management of patients with acute coronary
syndromes,21–23 and new antiarrhythmic treatments such as
automatic defibrillators will be used increasingly to improve
survival in selected patients.24 Whether the risk factors that
were identified in an era with lower intervention rates still
persist as risk factors despite these changes in practice will
need to be assessed.

Recurrence of cardiac events is usually caused by plaque
rupture or fissuring of lipid-rich minor plaques,25 and risk
stratification and management will need to continue to focus
on control of risk factors. The role of lipid lowering has been
clearly established from multiple large scale trials, and the
recent National Cholesterol Education Programme guidelines
recommend that patients with elevated cholesterol levels
should be started on aggressive lipid lowering treatment
(aiming for a target value of < 2.5 mmol/l) before hospital
discharge, rather than waiting for the results of a three month
dietary trial.26

Evidence based target values have not been specifically set
for systolic pressure, diastolic pressure, and pulse pressures
after acute coronary events, mainly because of a lack of data in
this setting. In the HOT trial, which included 18 790 patients
(mean age 61.5 years) with diastolic pressures of 100–
105 mm Hg (7.5% of whom had previous coronary disease),
the lowest incidence of major cardiovascular events was
observed in those who achieved a mean diastolic pressure of
83 mm Hg, and the lowest cardiovascular mortality was
observed in those with a mean diastolic pressure of
86 mm Hg.27 Further reduction below these values did not sig-
nificantly improve the risk reduction. These data cannot, how-
ever, be extrapolated directly to the majority of patients, who
have predominantly systolic hypertension after myocardial
infarction,15 as in the PREVENIR study. There is also concern
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that an excessive fall in diastolic pressure (to < 65 mm Hg) in
patients with atherosclerosis, as can happen when the systolic
pressure is being lowered by antihypertensive treatment, may
actually increase the risk of myocardial infarction or
stroke.28 29

TREATMENT OF HYPERTENSION AFTER AN ACUTE
CORONARY EVENT
Drugs that reduce blood pressure, such as β blockers, are rec-
ommended for all patients without contraindications, and
ACE inhibitors are recommended for patients without
contraindications who have left ventricular systolic dysfunc-
tion. ACE inhibitors may have other properties in addition to
their effects on left ventricular remodelling and blood
pressure. Tissue specific ACE inhibitors have been shown to
improve endothelial function.30 31 In the HOPE study of 9297
patients who were at high risk of coronary disease and were
not known to have heart failure or low ejection fractions,
ramipril (10 mg/day) reduced the combined incidence of
cardiovascular death, non-fatal myocardial infarction, and
stroke by 22% over five years (14% with ramipril versus 17.8%
with placebo, p < 0.001).32 However, the QUIET trial of 1750
patients without systolic dysfunction found that quinapril
(20 mg/day) did not significantly improve outcomes.33 It
should be noted that the QUIET trial excluded patients with
hypertension, and the mean baseline blood pressure was
123/74 mm Hg, whereas in the HOPE study the mean baseline
blood pressure was 139/79 mm Hg. The systolic and diastolic
pressures both dropped by 3 mm Hg in patients treated with
ramipril in the HOPE study, and the benefit of ramipril was
greater than would be expected from the magnitude of the
blood pressure reduction.34 These data support the concept
that patients with systolic hypertension after an acute coron-
ary event should be considered for treatment with a tissue
specific ACE inhibitor even if they have normal left ventricu-
lar function. Further data to strengthen or weaken this
recommendation will soon be available from the PEACE35 and
EUROPA36 trials.

A major mechanism of systolic hypertension is the early
return of the reflected pressure wave from the resistance
arteries back to the central aorta in patients with stiff
arteries.5 Specific treatments such as nitrates may alter the
timing of this wave reflection,5 37 and have been recommended
for elderly patients with isolated systolic hypertension.38

Hypertension is not the only risk factor to be poorly
managed after an acute coronary event. At 1.4 years after the
index event in the EUROASPIRE-II study, 21% of patients
smoked, 31% were obese, 58% had total cholesterol concentra-
tions of > 5 mmol/l, and > 70% of diabetics had inadequate
glucose control (fasting blood sugar > 7.0 mmol/l).12 In addi-
tion, a large proportion of patients were not taking aspirin
(14%) or β blockers (37%).

Clearly we need to do better than this. Considerable effort
has gone into developing the evidence to support modification
of risk factors and specific drug treatments in patients who
have suffered acute coronary syndromes. There is mounting
evidence that after an acute coronary event, assiduous control
of both systolic and diastolic pressure is also indicated.
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IMAGES IN CARDIOLOGY.............................................................................
Resolution of renal artery thrombus with direct administration of tissue plasminogen activator

A61 year old woman with a background history of systemic
hypertension, hyperlipidaemia, recurrent episodes of flash
pulmonary oedema (four episodes in two years), normal left

ventricular systolic function on echocardiography, normal stress test-
ing, and angiographically normal coronary arteries underwent renal
angiographic studies. The right renal artery was normal. There was a
high grade ostial lesion affecting the left renal artery with intralumi-
nal thrombus (top panel). The thrombus resolved following direct
intra-arterial administration of 10 mg of recombinant tissue plas-
minogen activator (middle panel). The ostial lesion was successfully
stented with a 6 × 14 mm stent following predilatation with a
5 × 20 mm balloon. An excellent angiographic result was obtained
(bottom panel). An angiotensin converting enzyme inhibitor was suc-
cessfully introduced following the intervention leading to better blood
pressure control and resolution of the episodes of pulmonary oedema.

Significant renovascular disease must be suspected in all patients
presenting with “flash” pulmonary oedema and normal left ventricu-
lar systolic function. Successful intervention often leads to complete
resolution of these episodes.
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